Introduction. Respiratory diseases constitute a public health priority worldwide. This is related to the increasing exposure to microorganisms, toxic factors, allergens, drugs and smoking, as the most important factors. Increasing costs of health promotion, prevention, diagnosis and treatment of respiratory tract diseases forces the search for effective strategies in the reduction of costs without making a significant impact of these activities on health results. Chronic obstructive pulmonary disease (COPD) is an example of these diseases with increasing incidence, which has few known modifiable factors and absorbs large medical and social costs. Objectives. The aim of this study is to present the conception of cost driver analysis that could be useful in constructing a good combination of the EBM-based treatment with cost reduction decisions. Material and methods. Analysis of cost drivers was based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines and Polish recommendations of COPD diagnosis and treatment. The proposition of cost reduction strategy in COPD treatment was based on identification of cost drivers in value chain conception. Results and conclusions. An increasing incidence and treatment costs of COPD force the search for methods of costs reduction in health care. Identifying, evaluating and modifying the cost drivers with use of the value chain conception could be an effective method in achieving these objectives.
INTRODUCTION
Respiratory diseases are a public health priority worldwide. This is related to growing exposure to microorganisms, toxic factors, allergens, drugs and smoking, as the most important factors. Increasing costs of health promotion, prevention, diagnosis and treatment of respiratory tract diseases force the search for effective strategies of expenses reduction, without a significant impact of these activities on health results. Chronic obstructive pulmonary disease (COPD) is an example of these diseases with increasing incidence, few known modifiable factors and which absorb large medical and social costs. Increasing COPD incidence is a problem for medical institutions and payers of health care services. The progressive, usually irreversible, course of COPD leads to inevitable disability and implies a significant amount of financial resources associated with its treatment. A selfreported COPD prevalence in 2008 was estimated to be 3.3% in Europe and 3% in Poland [1] . Among the population of smokers over the age of forty in Poland, airflow limitation was estimated to be about 20-23% [2] . This disease was the cause of 2.6% of male deaths and 1.3% of female deaths in Poland [3] . COPD is the leading cause of morbidity and mortality worldwide, and results in an economic and social burden that is both substantial and increasing [4, 5] . Exacerbation of the disease is a common cause of hospitalization, accounting for about 120,000 cases of hospital admissions per year in Poland [6] . In Polish studies, it has been reported that the biggest impact on the costs of treatment of COPD exacerbations were hospitalization expenses that were 6-fold higher than expenses in primary care [7] . In another study, the costs of treatment of COPD exacerbations in a hospital are almost ten times higher than in an outpatient setting [8] . An increasing incidence and treatment costs of COPD force the search for cost reduction solutions in health care.
It has been reported that significant cost drivers in the treatment of COPD exacerbations in Poland were patient age, severity of previous exacerbations of COPD, number of exacerbations in a year, and the coexistence of coronary heart disease [8] . In that article, the main items in costs of hospitalization were incurred in treatment and costs referring to 'a hospital bed'. Among the hospital treatments, the most expensive were antibiotics. The high cost of ambulatory pharmacotherapy were generated by drugs administered in inhalers (more than 20% of all direct costs). In another study of costs for COPD exacerbation treatment from northern Sweden, the main cost driver in the treatment was hospitalization, the cost of which represented two-thirds of the total costs of the COPD treatment [9] . The study reported that costs varied considerably with the severity of the exacerbation, as well as with the severity of COPD.
OBJECTIVE
To present the conception of cost drivers analysis that could be useful in constructing a good combination of EBM-based treatment with cost reduction decisions.
MATERIALS AND METHOD
The conception of cost reduction analysis in the treatment of COPD exacerbations is based on medical guidelines and standards, such as the Global Initiative for Chronic Obstructive Lung Disease standards (GOLD) -the generally accepted standards of practice in COPD [10] , and Polish recommendations of COPD diagnosis and treatment [11] , guidelines for the management of community-acquired respiratory tract infections [12] , recommendations for palliative care in chronic lung diseases [13] , recommendations for smokers education, and cigarette addiction treatment [14] . These documents were analyzed because they include standards and recommendations based on high levels of evidence, and represent the widely-accepted standards of practice in COPD diagnosis and treatment in Poland.
The method used in the study is analysis of the international and Polish standards, and analysis of the literature on the use of the concept of cost drivers for the optimization of treatment costs.
Cost driver was defined as any factor that causes change in operating costs. The idea of cost drivers in COPD treatment in outpatient care has been widely described in literature [8, 15, 16] . The proposition of cost reduction strategies in COPD was based on value chain conception [17] , according to which the health care system and its components could be presented in the form of strings of consecutive, strategically important activities. These activities could be identified, analyzed according to main parts of care system -subjects and processes. Subjects that could be taken in this analysis include patients, medical outpatient and inpatient care, government institutions and payers of medical services. All subjects taking part in health service delivery should be identified at the beginning of analysis. Processes could be defined as the relations among all subjects, especially the patient, services provider, payer, and public institutions. Processes could be defined among subjects and all parts within one subject. Cost drivers could be defined and estimated in any processes among subjects and processes within any subject.
Another purpose of the analysis using the value chain conception is identification valuable and non-valuable processes (activities). The valuable activities create value in the field of health care and are necessary in order to meet the needs of COPD patients, such as disease prevention, health promotion, appropriate diagnosis, treatment and rehabilitation, and cannot be eliminated. Examples of non-valuable activities in health care may be duplication of diagnostic tests by different health care providers, such as GPs and specialists, polypharmacy, and administrative and treatment limitations, which cause iatrogenic effects. These activities should be identified, reduced, eliminated or redesigned to valuable activities.
The next proposition in cost drivers analysis is to divide cost drivers into two analyzed groups. A group of nonmodifiable factors, such as legal and administrative rules, standards and recommendations of treatment, and a group of modifiable factors that could be changed in cost reduction decisions. Accurate differentiation among these factors allows for the effective implementation of proper decisions and avoiding the costs of bad decisions. In the process of decision-making, all relevant subjects should be analyzed according to the creation of costs.
The processes in some subjects of care system could be distinguished by two types of activities: basic and ancillary. In medical organizations, basic actions are non-specific and refer to prevention, treatment to prevent the development of disease, treatment to limit the consequences of disease -including rehabilitation, medical and social care and terminal care. Ancillary activities refer to management, training and supplementary training and research. Ancillary activities form a favourable environment for the implementation of basic tasks and also boosters them.
RESULTS
GOLD standards and Polish recommendations widely describe the diagnosis and treatment procedures and these activities may be translated in a value chain conception. In this conception, identification of the relevant processes as cost drivers should be made. For example, these factors could be health promotion in COPD, prevention, early identification of high risk patients, early diagnosis, good and adequate treatment introduced in a short time, prevention of complications, and the early treatment of complications. In GOLD standards, COPD exacerbation could be prevented mainly by smoking cessation, influenza and pneumococcal vaccination, education about risk factors, and appropriate therapies. These processes are examples, but not all of them. All these activities should be performed primary in outpatient care in order to avoid the necessity of expensive hospitalization After identification of these relevant processes, they could be evaluated for costs of changing, time needed for change, for needed financial, human or other kinds of resources. That is the base for further strategy of costs reduction.
In this study, making a decision between outpatient and inpatient treatment of patients with COPD exacerbation was chosen as the critical point in the value chain conception. Other decisions about patients with COPD exacerbation could be taken in similar way, according to the value chain conception.
An exacerbation of COPD is an acute event characterized by a worsening of the patient's respiratory symptoms that is beyond normal day-to-day variations and leads to a change in medication [10] . According to the GOLD standards, diagnosis of COPD exacerbation is related to interviews as a basic, valuable and modifiable activity. The GOLD standards directly indicate interviews as the most relevant activity, and indicate other factors as a biomarker or panel of biomarkers that allow a more precise etiologic diagnosis, which would be desirable in the future.
Auxiliary activities could be related to good organization of health service provision. To diagnose COPD exacerbation in a short time, the health care organizations should have the ability to give medical advice in a relatively short time, and the patient should also have the possibility to obtain a medical advice in a short time. All these processes are auxiliary and modifiable, and may significantly shorten the time for medical advice. On the other hand, there should be auxiliary mechanisms to avoid the abuse of medical advice because it does not serve patients and may generate additional costs for health care.
Subjective symptoms reported by patients sometimes need additional examinations for excluding other diseases. Analysis of parameters such as respiratory gas analysis, functional testing and imaging, allow for the earlier implementation of treatment and reduction of the number of hospitalizations and other consequences of exacerbations. These examinations are basic, valuable and necessary because they help in the diagnosis of COPD complications. The GOLD standards -----enumerate tests that may be considered for assessment of the severity of exacerbation (pulse oximetry, chest radiograph, ECG, biochemical tests, presence of purulent sputum). These test are relatively fast to perform in outpatient care, and relevant in taking a decision about hospitalization.
After diagnosing COPD exacerbation, the next step is implementation of the proper treatment. Besides education, elimination of risk factors and other necessary activities, treatment with antibiotics should be considered immediately. COPD exacerbations become more frequent and more severe in advanced stages of the disease [18] . A quick implementation of antibiotics, according to the GOLD standards, helps in the care of the patient and to minimizes costs. GOLD standards and Polish recommendations state when antibiotics should be given to patients with exacerbations of COPD, factors which are exactly indicated and are valuable according to the standards and recommendations. According to GOLD, antibiotics should be given to patients with exacerbations of COPD who have an increase in sputum purulence and increase in dyspnea or sputum volume, or require mechanical ventilation. The choice of antibiotic is modifiable, but should be based on the local bacterial resistance pattern. A few procedures are valuable in outpatient care, such as sputum cultures or procalcitonin III, and are reported to be helpful in decision taking, but they are either time-consuming or too expensive.
Bacteria could be the cause of about 50% of COPD exacerbations [19] . The antibiotic used in outpatient treatment of infectious exacerbations of COPD should work on S. pneumoniae and H. influenzae and M. Catarrhalis, but the choice of the antibiotic should be based on the local bacterial resistance pattern. Helpful information for constructing a cost reduction strategy is the decision about antibiotics taken at family doctor level or outpatient specialized care, seems to have the same influence on the costs of care. One study showed no significant differences in the costs of care in COPD treatment exercised by pulmonologists, internists and family physicians [20] .
The increasing number of patients with diagnosed COPD is a growing problem. The GOLD guidelines highlighted the need for the long-term monitoring of COLD patients and applied treatment. Regular measurements of lungs function in outpatient care and patient symptom self-assessment contribute significantly to the effectiveness of COPD treatment. These procedures may be important components in the prevention of exacerbations. Inadequate control of the disease, lack of patient involvement in treatment or inadequate health education, are examples of significantly important cost drivers. In outpatient care, every procedure indicated in the standards should be performed to diagnose and treat COPD exacerbations.
One of the most important problems in the treatment of COPD exacerbation is a clear differentiation of indications to outpatient and inpatient care. Hospitalization is a good solution for patients in an advanced stage of COPD or exacerbation with complications, but it generates significant costs, and carries the risk of complications of inpatient care. Outpatient care generates less costs, but communications between patient and medical service may be limited by the improper organization of health care. GOLD standards clearly show potential indicators for hospital assessment or admission. In the value chain conception, hospitalization as a cost driver may be one of the most relevant; therefore, the decision about hospitalization should be taken with consideration of data from GOLD.
Other activities that increases the life expectancy of patients with COPD are smoking cessation and home oxygen therapy (DLT) [21] which should be considered in medical treatment. The first line in COPD treatment is the fight against the addiction to cigarette smoking and patient education plays the most important role in prevention.
The definition of COPD exacerbation in GOLD standards and Recommendations of the Polish Society of Lung Diseases about the diagnosis and treatment of COPD are similar, but potential indications for hospital assessment or admission are slightly different, especially according to such indications as frequent exacerbations, older age or insufficient home support. These differences may play an important role in constructing local strategies for costs reduction in the treatment of COPD in outpatient or inpatient care. Interestingly, GOLD and Polish standards clearly indicate when referring the patient for hospitalization should be considered.
Another method for preventing exacerbations of COPD is influenza and pneumococcal vaccinations. It has been shown that exacerbations caused by respiratory viruses are more severe and frequent [22] .
Depression may be an independent risk factor for death in patients with exacerbations and in a stable period of the disease [23] . Pharmacological treatment and behavioral techniques should be considered. In contrast to patients with cancer, prediction of the final phase of life is much more difficult in COPD patients [24] . The most important factor that may influence mental health is deterioration of the quality of life. COPD patients could be lonely, with social isolation and lack of integrated care, especially family care or palliative care. These factors may contribute to COPD exacerbation. Rehabilitation and increasing physical activity in these patients are effective ways to improve the quality of life and delay progression of the disease. These factors may be considered in a comprehensive approach to treatment of COPD exacerbations and analysis of cost drivers.
DISCUSSION
An increasing incidence and treatment costs of respiratory tract diseases force the search for methods of cost reduction in health care. An analysis of cost drivers in the value chain conception is presented in this article on the example of treatment of COPD exacerbations as a method for building a cost reduction strategy. Also presented are examples of cost drivers taken from standards and recommendations. Such an approach for cost reduction strategy is consistent with evidence-based medicine (EBM) and could be widely used in medical practice. In the presented conception, activities based on medical standards and recommendations could be presented in the form of strings of consecutive, strategically important activities. These activities are the basis for building strategy and cannot be eliminated, but they can be modified if such an alternative exists in the standards or recommendations. Auxiliary activities could be implemented in strategy if they do not conflict with the standards or recommendations, and if they are relevant for cost reduction. The presented cost reduction strategy is consistant with EBM-based treatment, and this aspect is the most important in this conception.
-----According to EBM-based treatment, it should be highlined that the costs of COPD treatment may vary according to compliance with the GOLD guidelines. The cost observed for patients with stage II of the disease is higher than expected in patients who adhere to treatment, but patients with stage III disease treated according to the GOLD guidelines had significantly higher treatment costs [25] . Improvement in every process (activities), even small, will bring significant improvement in the final results. Hospitals or clinics are parts of a broader value chain within the health care system, but at the same time, they create internal value chains within themselves and their own components.
It is worth noting that the main barriers in cost reduction of COPD treatment may be the problems in organization of the health care system. A heavily-regulated public system with a stringent budget constraint, restricted sub-national government autonomy, a thin private insurance market, heavy out-of-pocket payments, and long waiting lists, generate inequalities in access to outpatient care [26] . The proper cooperation of all organizations, units, and subjects should be involved in the process of costs reduction. Bad decisions in one of these subjects could significantly limit the effectiveness of other institutions engaged in cost reduction. An important conclusion from another article is that the major area for achieving cost savings is the reduction of hospital care [27] .
CONCLUSIONS
1. An increasing incidence and costs of treatment of respiratory tract disorders forces the search for methods of cost reduction in health care. 2. Identifying, evaluating and modifying the cost drivers in value chain conception could be effective methods in achieving these objectives. 3. Medical standards and recommendations could be the base for creation of cost reduction strategy.
The overall conclusion is that identification, estimation and modification of all relevant cost drivers in COPD treatment may be a useful method for improving cost reduction. The strategy of cost reduction in COPD treatment should be based on medical recommendations and standards. The development of information systems may be helpful in cost drivers analysis and application of standards and recommendations at the level of primary health care. Additionally, Information systems are helpful in eliminating duplication of medical procedures in outpatient care. This may open new opportunities for the development of cost reduction strategies.
